Abstract: A simple first-order derivative spectrophotometric method was developed for the simultaneous determination of acetamiprid and 6-chloronicotinic acid (6-CNA) at pH 7.0. By using the zero-crossing approach, acetamiprid was determined at 269.0 nm and 6-CNA at 216.0 nm with detection limits of 7.19×10 -7 and 8.25×10 -7 mol dm -3 , respectively, and relative standard deviations not exceeding 1.2 % in the case of model systems.
INTRODUCTION
Acetamiprid ((E)-N 1 -[(6-chloro-3-pyridyl)methyl]-N 2 -cyano-N 1 -methylacetamidine, Fig. 1a ) belongs to the most efficient class of insecticides nowadays, called neonicotinoids, which account for about 24 % of the total insecticide market. 1 Since its launch in the mid-1990s, products containing acetamiprid have gained registrations for over 60 agricultural crops, including cotton, vegetables, potato, orchards, vines, citrus, tea, and ornamentals. 1 In addition, acetamiprid is also of interest for the control of termites and household pests. 1 Acetamiprid is marketed under a variety of names, including Mospilan, Dyken, Fertilan, Masuta, Mospildate, Suntamiprid and Vapcomere. 2 6-Chloronicotinic acid (6-CNA), Fig. 1b , represents one of the synthetic precursors, 3 and also an intermediate of acetamiprid decomposition. [4] [5] [6] [7] [8] These facts impose the need for reliable analytical methods for the determination of these two compounds in their mixtures. The analytical techniques used most widely for acetamiprid determination are gas chromatography 9,10 and liquid chromatography (LC) with diode array (DA), [4] [5] [6] [7] 11, 12 mass spectrometric (MS), 6, 7, [13] [14] [15] [16] [17] [18] [19] [20] and thermal lens spectrometric 21 detection. Some alternative techniques, such as enzyme-linked immunosorbent assay, 22 spectrophotometry, 23 colorimetry, 24 Fourier transform infrared spectroscopy 6 and voltammetry, 6, 25 have also been employed to analyze different acetamiprid (and 6-CNA) containing samples. Due to the widespread availability of the instrumentation, simplicity of procedures, speed, precision and accuracy, spectrophotometric methods enjoy wide popularity. In addition, they are more economic and simpler, compared to methods such as chromatography and electrophoresis. 26 Except for a conference proceeding, 27 no spectrophotometric methods have hitherto been reported as papers for the simultaneous determination of acetamiprid and 6-CNA.
Several techniques have been proposed for the treatment of spectrophotometric data, with the objective of extracting the largest amount of analytical information from spectra composed of unresolved bands. Undoubtedly, a major success was achieved by the derivative treatment of the absorbance curves -plotting the first-or a higher-order mathematical derivative of the absorbance against wavelength (dA/dλ). Derivative spectrophotometry offers a convenient solution to a number of analytical problems, such as resolution of multicomponent systems, removal of sample turbidity, matrix background and enhancement of spectral details. For these reason, it has been applied in the analysis of different pharmaceuticals, foods, cosmetics and environmental samples. 26, 28, 29 The same method was also applied for the simultaneous determination of pesticides or pesticides and their degradation products. [30] [31] [32] [33] [34] [35] [36] In this work, a rapid, environmentally acceptable and inexpensive first-order derivative spectrophotometric method was developed for the determination of acetamiprid and 6-CNA in their mixtures.
EXPERIMENTAL

Chemicals and solutions
All chemicals used were of analytical reagent grade. Pestanal quality (Riedel de Haën, Germany) was employed as the analytical standard of acetamiprid and 6-CNA. Stock solu-SPECTROPHOTOMETRIC DETERMINATION OF ACETAMIPRID AND 6-CNA 913 tions were prepared by dissolving the compounds in doubly distilled water to obtain a concentration of 5×10 -4 mol dm -3 , which did not change over a long period when the solutions were kept in the dark at 4 °C. Britton-Robinson buffer solutions were prepared from a stock solution containing 0.04 mol dm -3 phosphoric, boric and acetic acids (all Merck), respectively, by adding 0.2 mol dm -3 sodium hydroxide (Merck) to the required pH values, covering the pH range of approx. 2-10.
Apparatus
Spectrophotometric measurements were performed on a PG Instruments T80+ UV-Vis double-beam spectrophotometer (PG Instruments, United Kingdom). A digital pH-meter (PHM 62, Radiometer, Denmark) and a combined glass electrode were used for pH measurements.
Procedures
Spectrophotometry. Characterization of the individual optical behavior of acetamiprid and 6-CNA was performed at the same molar concentration (4.34×10 -5 mol dm -3 ) in the pH range 2−10 and at wavelengths from 200 to 400 nm (∆λ = 1 nm). Standard solutions for the calibration curves were prepared by the stepwise dilution of the stock solution to obtain concentrations in the range 3.69×10 -6 −6.20×10 -5 mol dm -3 for both compounds. Simultaneous derivative spectrophotometric determinations were realized at 269.0 nm (acetamiprid) and 216.0 nm (6-CNA).
pH Measurements. A digital pH-meter, a glass electrode and a saturated calomel electrode were used for all pH measurements. The glass electrode was previously calibrated using commercial buffer solutions (Hanna Instruments, USA) in two separate ranges 1.68−6.86 and 6.86−10.01.
Validation of the analytical method. The linearity for the developed derivative spectrophotometric method was checked in the concentration range of 3.69×10 -6 −6.20×10 -5 mol dm -3 . The limit of detection (LOD) and the limit of quantification (LOQ) were calculated using the following equations: LOD = 3s/m and LOQ = 10s/m, where s is the standard deviation of the blank and m is the slope of the calibration curve.
Data processing. The experimental data were plotted using Origin 6.1 software package. The first derivative spectra were calculated using all data points in the range from 200 to 400 nm with ∆λ = 1 nm using the option differentiate. For noise reduction, the adjacent averaging method was tested using different smoothing factors (3, 5 and 9) . Calibration equations were calculated using the linear fit option.
RESULTS AND DISCUSSION
To study the optical characteristics of the investigated compounds, the corresponding spectra were recorded in Britton-Robinson buffers (pH 2.0-10.0) in the wavelength range 200-400 nm. The representative spectra of acetamiprid and 6-CNA obtained at pH 7.0 are shown in Fig. 2 . The spectrum of acetamiprid has two discrete absorption bands with maxima at 216.0 and 245.0 nm, of which the latter is much more intense. No significant changes in the absorption spectrum were observed in dependence on the pH of the solution. As was described earlier, the spectrum of 6-CNA also has two discrete, well-defined absorption bands with the maxima at 224.0 and 269.0 nm, the former band being more intense. 36, 37 The shape of the 6-CNA spectra and the positions of its maxima depended signifi-914 GUZSVÁNY et al. cantly on the pH value, especially at pH < 4.0. 36, 37 At higher pH values, no significant change was observed. 36, 37 In this context, pH 7.0 was selected for further investigations. As can be seen from Fig. 2 , the strong overlapping of the spectra of the investigated compounds hinders their conventional spectrophotometric determination in a mixture. Hence, derivative spectrophotometry was investigated to develop a method for their simultaneous determination. 27 The derivative spectra of solutions containing the individual analytes were investigated in order to optimize the derivative order. The first-order derivative spectrum showed the highest sensitivity and a good resolution for the simultaneous determination of the compounds. Higher derivative orders were discarded because the noise attenuation was less effective and the signal became distorted. The main disadvantage of the derivative technique is that the signal/noise ratio becomes worse as the order of the derivative increases. Therefore, in practice, the derivative technique includes a certain degree of low-pass filtering or smoothing, to control the noise increase, which is an inevitable consequence of differentiation of the noise signal. The effect of smoothing of a peak-type signal is to reduce the noise, which is desirable. However, it distorts the signal, which is undesirable but unavoidable. 29 Thus, optimization of the smoothing factor is very important for obtaining the appropriate signals. In the present study, the adjacent averaging method was tested using smoothing factors of 3, 5 and 9, and the obtained curves were compared with the unsmoothed ones (Fig. 3) . Smoothing factor 5 was selected, because this yielded good sensitivity, without significant sacrifice of the signal/noise ratio.
The smoothed first derivative spectrum of both compounds has more zerocrossings, of which those at 216.0 nm in case of acetamiprid and 269.0 nm in case of 6-CNA offer better sensitivity for the determination of the second compound (Fig. 3c) . At these wavelengths, all the absorption is attributed to a single compound. The effect of the concentration of the analytes on both zero-crossing points was studied in the range of 3.69×10 -6 −6.20×10 -5 mol dm -3 . The zerocrossing values selected were independent of the concentration. Using the selected conditions, linear graphs of dA/dλ vs. analyte concentration were obtained in the concentration range of 3.69×10 -6 −6.20×10 -5 mol dm -3 for both analytes. The calculated values of the LOD were 7.19×10 -7 and 8.25×10 -7 for acetamiprid and 6-CNA, respectively. The relative standard deviation (RSD) values did not exceed 1.2 % (1.0 % for 6-CNA and 1.2 % for acetamiprid).
The good recoveries and low RSD values reflect the high accuracy and precision of the proposed derivative spectrophotometric method. The method is sensitive, simple, rapid and inexpensive, thus making it a convenient alternative tool for the determination of acetamiprid and 6-CNA in their mixtures. Предложена је једноставна деривативна спектрофотометријска метода за истовремено одређивање ацетамиприда и 6-хлорникотинске киселине (6-CNA) при pH 7,0. Примењујући приступ нултог пресека ацетамиприд је одређиван у модел систему на 269,0 nm a 6-CNA на 216,0 nm, са границама детекције од 7,19×10 -7 и 8,25×10 -7 mol dm -3 , редом, и стандардном девијацијом мањом од 1,2 %. 
